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[

Systems and methods of fabricating a U-shaped memory
device with a recessed channel and a segmented/ separated
ONO layer are provided. Multibit operation 1s facilitated by a
separated ONO layer, which includes a charge trapping
region on sidewalls of polysilicon gate structures adjacent to
source/drain regions. Programming and erasing of the
memory cells 1s facilitated by the relatively short distance
between acting source regions and the gate. Additionally,
short channel effects are mitigated by a relatively long
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polysilicon gate thereby adding a depth dimension to the
channel length.
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RECESSED CHANNEL WITH SEPARATED
ONO MEMORY DEVICE

REFERENCE TO RELATED APPLICATION

This application 1s a divisional application of U.S. patent
application Ser. No. 10/812,703 which was filed Mar. 30,

2004, now U.S. Pat. No. 7,067,377, entitled RECESSED
CHANNEL WITH SEPARAIED ONO MEMORY
DEVICE. 10

FIELD OF INVENTION

The present invention relates generally to memory devices
and the like, and 1n particular fabricating a U-shaped memory 15
device that has a recessed channel with a separated ONO
layer thereby facilitating scaling and increased packing den-

s1ty.
BACKGROUND OF THE INVENTION 50

Many different types and styles of memory exist to store
data for computers and similar type systems. For example,
random access memory (RAM), dynamic random access
memory (DRAM), static random access memory (SRAM), -5
read only memory (ROM), programmable read only memory
(PROM), clectrically programmable read only memory
(EPROM), electrically erasable programmable read only
memory (EEPROM) and flash memory are all presently avail-
able to accommodate data storage. 30

Each type of memory has its own particular advantages and
disadvantages. For example, DRAM and SRAM allow 1ndi-
vidual bits of data to be erased one at a time, but such memory
loses 1ts data when power 1s removed. EEPROM can alterna-
tively be easily erased without extra exterior equipment, but 35
has reduced data storage density, lower speed, and higher
cost. EPROM, 1n contrast, 1s less expensive and has greater
density but lacks erasability.

Flash memory, has become a popular type ol memory
because 1t combines the advantages of the high density and 49
low cost of EPROM with the electrical erasability of
EEPROM. Flash memory can be rewritten and can hold 1ts
contents without power, and thus 1s nonvolatile. It 1s used 1n
many portable electronic products, such as cell phones, por-
table computers, voice recorders, etc. as well as 1n many 45
larger electronic systems, such as cars, planes, industrial con-
trol systems, etc.

Flash memory 1s generally constructed of many memory
cells where single bits of data are stored 1n and read from
respective memory cells. The cells 1n such structures are 50
generally programmed by hot electron 1njection and erased
by Fowler-Nordheim tunneling. As with many aspects of the
semiconductor industry, there 1s a continuing desire to scale
down device dimensions to achieve higher device packing
densities on semiconductor wafers. Similarly, increased 55
device speed and performance are also desired to allow more
C
t

ata to be stored on smaller memory devices. Accordingly,
nere are ongoing elforts to, among other things, increase the
number of memory cells that can be packed on a semicon-
ductor water. 60
Individual memory cells are organized into individually
addressable unmits or groups, which are accessed for read,
program, or erase operations through address decoding cir-
cuitry. The individual memory cells are typically comprised
ol a semiconductor structure adapted for storing a bit of data. 65
For instance, many conventional memory cells include a
stacked gate metal oxide semiconductor (MOS) device, such
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as a transistor in which a binary piece of information may be
retained. The memory device includes appropriate decoding
and group selection circuitry, as well as circuitry to provide
voltages to the cells being operated on.

The erase, program, and read operations are commonly
performed by application of appropriate voltages to certain
terminals of the memory cell. In an erase or write operation
the voltages are applied so as to cause a charge to be removed
or stored in the memory cell. In a read operation, appropriate
voltages are applied so as to cause a current to flow 1n the cell,
wherein the amount of such current 1s indicative of the value
ol the data stored in the cell. The memory device includes
appropriate circuitry to sense the resulting cell current 1n
order to determine the data stored therein, which 1s then
provided to data bus terminals of the device for access by
other devices 1 a system in which the memory device 1s
employed.

The single bit memory cell generally has a source, a drain,
and a channel 1n a substrate or P-well, as well as a stacked gate
structure overlying the channel. The stacked gate may further
include a thin gate dielectric layer (sometimes referred to as a
tunnel oxide) formed on the surface ol the P-well. The stacked
gate also includes a polysilicon floating gate overlying the
tunnel oxide and an interpoly dielectric layer overlying the
floating gate. The interpoly dielectric layer 1s often a multi-
layer insulator such as an oxide-nitride-oxide (ONQO) layer
having two oxide layers sandwiching a nitride layer. Lastly, a
polysilicon control gate overlies the interpoly dielectric layer.

In a NOR configuration, the control gate 1s connected to a
wordline associated with a row of memory cells to form
sectors of such cells. In addition, the drain regions of the cells
are connected together by a conductive bitline. The channel of
the cell conducts current between the source and the drain in
accordance with an electric field developed 1n the channel by
the stacked gate structure. Respective drain terminals of the
transistors within a single column are connected to the same
bitline. In addition, respective flash cells associated with a
given bitline have stacked gate terminals coupled to a ditfer-
ent wordline, while all the flash cells in the array generally
have their source terminals coupled to a common source
terminal. In operation, individual flash cells are addressed via
the respective bitline and wordline using the peripheral
decoder and control circuitry for programming (writing),
reading or erasing functions.

Another memory technology 1s dual bit memory, which
allows multiple bits to be stored in a single cell. In this
technology, a memory cell 1s essentially split into two sub-
stantially 1dentical (mirrored) parts, each of which 1s formu-
lated for storing one of two independent bits. Each dual bat
memory cell, like a traditional cell, has a gate with a source
and a drain. However, unlike a traditional stacked gate cell in
which the source 1s always connected to an electrical source
and the drain 1s always connected to an electrical drain,
respective dual bit memory cells can have the connections of
the source and drain reversed during operation to permit the
storing of two bits.

In a virtual ground type architecture, some forms of dual bit
memory cells have a semiconductor substrate with implanted
conductive bitlines. A multilayer storage layer, referred to as
a “charge-trapping dielectric layer™, 1s formed over the semi-
conductor substrate. The charge-trapping dielectric layer can
generally be composed of three separate layers: a first insu-
lating layer, a charge-trapping layer, and a second insulating
layer. Wordlines are formed over the charge-trapping dielec-
tric layer substantially perpendicular to the bitlines. Program-
ming circuitry controls two bits per cell by applying a signal
to the wordline, which acts as a control gate, and changing
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bitline connections such that one bit 1s stored by the source
and drain being connected 1in one arrangement and a comple-
mentary bit 1s stored by the source and drain being inter-
changed in another arrangement.

As device sizes and features are continually scaled down,
however, leakage currents, cross talk and other issues can
arise. Limitations in photoresists and other materials and/or
techniques utilized 1n patterning the semiconductor substrate
as well as other materials out of which the memory cells are
fashioned can, for example, limit the size to which some
features, such as wordlines and/or bitlines, can be reduced.

One technique to pack more cells 1nto a smaller area 1s to
form the structures (e.g., individual memory cells) closer
together. Forming bitlines, for example, closer together short-
ens the length of the channel defined therebetween. Shorten-
ing the channel 1n such a manner can, however, lead to short
channel effects such as leakage currents as well as other
undesirable performance 1ssues. For example, charge or bit
1solation between the two bits stored in the charge trapping
layer (e.g., nitride) becomes increasingly difficult as the chan-
nel length 1s decreased and the bits are brought closer
together. In this manner, cross-talk can occur, the bits can
contaminate one another and operations performed on one bit
can affect the other bit (sometimes referred to complimentary
bit disturb or CBD). Accordingly, 1t would be desirable to
reduce feature sizes so as to icrease packing density while
mitigating the adverse affects that may result therefrom.

SUMMARY OF THE INVENTION

The following presents a simplified summary of the inven-
tion 1 order to provide a basic understanding of some aspects
of the invention. This summary 1s not an extensive overview
of the invention. It 1s mtended neither to identily key or
critical elements of the invention nor to delineate the scope of
the invention. Rather, 1ts primary purpose 1s merely to present
one or more concepts of the invention 1n a stmplified form as
a prelude to the more detailed description that 1s presented
later.

The present invention provides systems and methods of
tabricating a U-shaped memory device with a recessed chan-
nel and a segmented/separated ONO layer. Multibit operation
1s facilitated by the separated ONO layer, which includes a
charge trapping region on sidewalls of polysilicon gate struc-
tures adjacent to source/drain regions. Programming and
crasing ol the memory cells 1s facilitated by the relatively
short distance between acting source regions and the charge
trapping regions associated with gate. Furthermore, short
channel effects are mitigated by a relatively long U-shaped
channel region that travels around the recessed polysilicon
gate thereby adding a depth dimension to the channel length.
This feature advantageously reduces short channel effects
without sacrificing memory cell packing density.

The U-shaped memory device of the present invention can
be fabricated by forming recessed polysilicon gate structures.
Gap regions are then created on sidewalls of the recessed
polysilicon gate structure, wherein the gap regions are also
adjacent to bitlines or source/drain regions. The gap regions
are then filled with a charge trapping layer such as oxide-
nitride-oxide (ONO). A second polysilicon layer can be selec-
tively formed over the device to operate as wordlines and
contacts can be formed to access the bit lines and thereby
facilitate programming and reading the individual memory
cells.

To the accomplishment of the foregoing and related ends,
the following description and annexed drawings set forth in
detail certain illustrative aspects and implementations of the
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invention. These are indicative of but a few of the various
ways 1n which one or more aspects of the present invention
may be employed. Other aspects, advantages and novel fea-
tures of the invention will become apparent from the follow-
ing detailed description of the ivention when considered 1n
conjunction with the annexed drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s tlow diagram 1llustrating a method of fabricating,
a memory device in accordance with an aspect of the present
ivention.

FIG. 2. 1s a cross sectional diagram that further 1llustrates
the method of FIG. 1 by depicting the core region of device at
a stage of fabrication in accordance with an aspect of the
present invention.

FIG. 3. 1s a cross sectional diagram that further i1llustrates
the method at FIG. 1 by depicting the periphery region of the
device at a stage of fabrication in accordance with an aspect of
the present invention.

FIG. 4. 1s a cross sectional diagram that further i1llustrates
the method of FIG. 1 by depicting the core region of device at
a stage of fabrication 1n accordance with an aspect of the
present invention.

FIG. 5. 1s a cross sectional diagram that further 1llustrates
the method at FIG. 1 by depicting the periphery region of the
device at a stage of fabrication in accordance with an aspect of
the present invention.

FIG. 6. 1s a cross sectional diagram that further 1llustrates
the method of FIG. 1 by depicting bitline formation within the
core region of device at a stage of fabrication 1n accordance
with an aspect of the present invention.

FIG. 7. 1s a cross sectional diagram that further 1llustrates
the method at FIG. 1 by depicting the periphery region of the
device at a stage of fabrication in accordance with an aspect of
the present invention.

FIG. 8. 1s a cross sectional diagram that further 1llustrates
the method of FIG. 1 by depicting the core region of device at
a stage of fabrication 1n accordance with an aspect of the
present 1nvention.

FIG. 9. 15 a cross sectional diagram that further illustrates
the method at FIG. 1 by depicting the periphery region of the
device at a stage of fabrication in accordance with an aspect of
the present invention.

FIG. 10. 1s a cross sectional diagram that further illustrates
the method of FIG. 1 by depicting the core region of device at
a stage of fabrication in accordance with an aspect of the
present invention.

FIG 11. 1s a cross sectional diagram that further illustrates
the method at FIG. 1 by depicting the periphery region of the
device at a stage of fabrication 1n accordance with an aspect of
the present invention.

FIG. 12. 1s a cross sectional diagram that further 1llustrates
the method of FIG. 1 by depicting the core region of device at
a stage of fabrication i1n accordance with an aspect of the
present invention.

FIG. 13. 1s a cross sectional diagram that further i1llustrates
the method at FIG. 1 by depicting the periphery region of the
device at a stage of fabrication in accordance with an aspect of
the present invention.

FIG. 14. 1s a cross sectional diagram that further 1llustrates
the method of FIG. 1 by depicting the core region of device at
a stage of fabrication 1n accordance with an aspect of the
present invention.
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FIG. 15. 1s a cross sectional diagram that further illustrates
the method at FIG. 1 by depicting the periphery region of the
device at a stage of fabrication in accordance with an aspect of
the present invention.

FIG. 16. 1s a detailed close up diagram illustrating a
memory cell 1n accordance with an aspect of the present
invention.

FIG. 17. 1s a detailed close up diagram illustrating a
memory cell with another configuration 1n accordance with
an aspect of the present mvention.

FIG. 18. 1s a detailed close up diagram illustrating a
memory cell with yet another configuration 1n accordance
with an aspect of the present invention.

FIG. 19 1s a diagram 1illustrating contact formation and
alignment 1n a core region of a memory device 1n accordance
with an aspect of the present invention.

FI1G. 20 1s a tlow diagram 1llustrating a method of forming
and filling a gap region for a separated ONO U-shaped
memory device 1n accordance with an aspect of the present
invention.

FI1G. 21 1s a tlow diagram 1illustrating a method of forming
and filling a gap region for a separated ONO U-shaped
memory device 1n accordance with an aspect of the present
ivention.

DETAILED DESCRIPTION OF THE INVENTION

One or more aspects of the present invention are described
with reference to the drawings, wherein like reference numer-
als are generally utilized to refer to like elements throughout,
and wherein the various structures are not necessarily drawn
to scale. In the following description, for purposes of expla-
nation, numerous specific details are set forth 1n order to
provide a thorough understanding of one or more aspects of
the present mvention. It may be evident, however, to one
skilled 1n the art that one or more aspects of the present
invention may be practiced with a lesser degree of these
specific details. In other instances, well-known structures and
devices are shown 1n block diagram form 1n order to facilitate
describing one or more aspects of the present invention.

The present invention provides systems and methods of
fabricating a U-shaped memory device with a recessed chan-
nel and a segmented/separated ONO layer. The memory
device mitigates short channel effects, has improved scalabil-
ity, and can be fabricated with a higher density than conven-
tional memory devices (e.g., MOS devices). Multibit opera-
tion 1s facilitated by the separated ONO layer, which includes
a charge trapping region on sidewalls of polysilicon gate
structures adjacent to source/drain regions. Programming and
crasing of the memory cells 1s facilitated by the relatively
short distance between acting source regions and the gate.
Furthermore, short channel effects are mitigated by a rela-
tively long U-shaped channel region that travels around the
recessed polysilicon gate thereby adding a depth dimension
to the channel length.

FI1G. 1 1s flow diagram 1illustrating a method of fabricating
a memory device 1n accordance with an aspect of the present
invention. The method 1s described 1n conjunction with FIGS.
2-15 that 1illustrate structure during fabrication in order to
turther illustrate the present invention. However, 1t 1s appre-
ciated that variations in structure are permitted 1n accordance
with the method of FIG. 1 and the present invention.

The method begins at block 102 wherein oxide and nitride
layers are formed 1n a core region and wherein shallow trench
isolation regions (STI) are formed within the periphery
region. Generally, a source/drain pad oxidation layer i1s
formed on a semiconductor substrate. Then, a silicon nitride
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layer (S1N) having a selected thickness 1s formed on the
oxidation layer followed by a anti-retlective coating (ARC).
A periphery STI mask 1s applied to “open” selected areas
within the periphery region and then etch trenches in the
selected areas to a depth. The deposited mask (resist) 1s then
stripped and a liner oxide 1s formed. The trenches are filled
with an HDP oxide fill process to form the shallow trench
1solation regions. Subsequently, a trench polish 1s performed
and, afterward, a clean operation 1s performed (e.g., HF
clean).

FIG. 2. further illustrates the method at block 102 by
depicting the core region of device at this stage of fabrication
in accordance with an aspect of the present invention. Here,
the oxide layer 204 1s shown formed on the semiconductor
substrate 202 and the silicon nitride layer 206 1s formed on the
oxide layer 204. FIG. 3. further illustrates the method at block
102 by depicting the periphery region of the device at this
stage of fabrication in accordance with an aspect of the
present mvention. The periphery region also has the oxide
layer 204 formed on the substrate 202. Further, the periphery
layer has the shallow trench 1solation regions 308 formed 1n
the substrate 202 as described above.

Continuing at block 104 of FIG. 1, a first poly layer 1s
deposited and a planarization process 1s performed on the
device to form gate structures within the core region. Initially
at block 104 a core region S/D mask 1s applied. Core trenches
are then etched 1n the substrate 202. The mask/resist 1s then
stripped by a suitable process. A sacrificial oxide layer can be
grown and then removed. An oxide layer 1s grown (e.g., by a
high thermal oxidation process) that combines with the exist-
ing oxide layer 204 to also cover exposed surfaces of the core
trenches. The first polysilicon layer (doped or undoped) 1s
then deposited within the core region followed by a planariza-
tion process that removes the polysilicon from areas not
within the trench areas of the core region. The planarization
process stops on the silicon nitride layer 206.

FIGS. 4 and 5 depict the device aiter the block 104 of the
method has been performed. FI1G. 4. illustrates the core region
of the device at this stage of fabrication in accordance with an
aspect of the present invention and FIG. § illustrates the
periphery region of the device at this stage of fabrication in
accordance with an aspect of the present invention. FIG. 4
shows the first polysilicon layer in the core trenches as
recessed polysilicon gates 410 formed 1n substrate 202 of the
core region, wheremn such regions 410 will operate as
memory cell gates as will be turther appreciated below. FIG.
5 remains substantially unchanged from FIG. 3.

The silicon mitride layer 206 1s removed from the device
and bitlines are formed within the core region at block 106.
For example, the silicon nitride layer 206 1s removed from the
device via a suitable removal process. Subsequently, a bitline
implant of an n-type dopant at a relatively low energy 1s
performed within the core region with a mask that exposes the
core region while covering the periphery region.

FIGS. 6 and 7 show the device after the block 106 of the
method has been completed. FIG. 6. 1llustrates the core region
ol the device at this stage of fabrication 1n accordance with an
aspect of the present invention and FIG. 7 illustrates the
periphery region of the device at this stage of fabrication in
accordance with an aspect of the present invention. In FIG. 6,
bitlines 612 (source/drain regions) are formed as a result of
the bitline implant and a sacrificial oxide layer 614 1s shown
covering the surface of the core region.

Continuing with the method at block 108, a wet oxide etch
1s performed 1n the core region to create gaps on sides of the
first poly gates 410. The oxide wet etch removes oxide from
an upper portion of the core trenches to create gaps 820 shown
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in FI1G. 8, which illustrates the coreregion of the device at this
stage of Tabrication in accordance with the present invention.
Oxide remaining in the trenches 1s referred to as trench oxide
821. The gaps 820 are formed between the n+ bitlines 612 and
the poly gates 410 and extend below the bitlines as shown in 3
FIG. 8. The wet etch 1s performed for a suitable time period to
create the gaps 820 without removing too much of the oxide

in the core trenches. FI1G. 9 depicts the periphery region of the
device at this stage of fabrication 1n accordance with an aspect

of the present invention. 10

A bottom oxide and nitride layer are formed across the
device at block 110. A bottom oxide layer 1s formed by an
oxidation process such as a conventional thermal oxidation,
ISSG, or radical oxidation are possible that also forms the
oxide within the gaps 820 of FIG. 8. The nitride layer 1s 15
formed on the bottom oxide layer and also forms within the
gaps 820 of FIG. 8.

FIGS. 10 and 11 1llustrate the device at this stage of fabri-
cation. FIG. 10 depicts the core region 1n accordance with an
aspect of the present invention and shows the bottom oxide 20
layer 1022 within the core region and the nitride layer 1024
tormed on the bottom oxide layer 1022 and within the gaps on
sides of the polysilicon gates 410. FIG. 11 depicts the periph-
ery region 1n accordance with an aspect of the present mven-
tion at this stage of fabrication. FIG. 11 illustrates formation 25
of the bottom oxide 1128 within the periphery region.

An upper oxide layer 1s deposited and an ONO etch 1s
performed atblock 112. The upper oxide layer 1s deposited on
the nitride layer 1024 within the core region. FIGS. 12 and 13
illustrate the device after the ONO etch at this stage of fabri- 30
cation. The upper oxide layer 1230 1s shown formed on the
nitride layer 1022 within the core region. The ONO layer,
which comprises the lower oxide 1022, nitride 1024, and
upper oxide 1230 layers, 1s selectively removed from portions
of the core region and 1s substantially removed from the 35
periphery region. It 1s appreciated that alternate aspects of the
invention mclude forming a high-k dielectric film (e.g., alu-
minum oxide, halfnium oxide, and the like), which can facili-
tate I'-N erase.

Continuing with the method of FIG. 1, asecond polysilicon 40
layer 1s deposited on the device followed by an application of
suitable anti-retlective coating material. The gate 1s then pat-
terned and etched using a plasma etch process with high
selectivity to oxide at block 114.

FIG. 14 1s a diagram 1llustrating the core region of the 45
device at this stage of fabrication 1n accordance with an aspect
ol the present invention. The second polysilicon layer 1432 1s
shown formed on the device. Turning to FIG. 15, a diagram
illustrating the periphery region of the device at this stage of
tabrication wherein periphery gates are formed 1n accordance 50
with an aspect of the present invention 1s provided. FIG. 15
shows periphery gate structures 1536 formed in the periphery
region.

After the second polysilicon layer 1s deposited, standard
U-shaped memory processing can be performed to complete 55
fabrication of the device. It 1s appreciated that vanation in
processes emploved and order performed are contemplated
by the present invention so long as separated ONO layers for
cells 1n the core region are obtained.

It 1s appreciated that the methodology of FIG. 1 described 60
above can be better appreciated with reference to the above
FIGS. 2-15 and those provided below. While, for purposes of
simplicity of explanation, the methodology described above
1s depicted and described as executing serially, it 1s to be
understood and appreciated that the present invention 1s not 65
limited by the illustrated order, as some aspects could, 1n
accordance with the present mmvention, occur in different
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orders and/or concurrently with other aspects from that
depicted and described herein. Moreover, not all illustrated
features may be required to implement a methodology 1n
accordance with an aspect the present invention.

FIG. 16 1s a diagram illustrating a close up view of a core
memory cell 1600 1n accordance with an aspect of the present
invention. The memory cell can be fabricated by the method
of FIG. 1 as described above. The memory cell includes
bitlines (source/drain regions) 612 and a polysilicon gate 410
formed 1n a semiconductor substrate 202. The polysilicon
gate 410 1s comprised of doped or undoped polysilicon. A
separated ONO layer, comprised of a lower oxide layer 1022,
a nitride layer 1024, and an upper oxide layer 1230, provides
charge trapping regions 1636 as indicated that extend to a
depth below the bitlines. A second polysilicon layer 1432,
comprised of doped or undoped polysilicon, 1s on the device
and can be employed to couple together multiple memory
cells along a given word line. The memory cell 1600 1s fab-
ricated with a U-shaped channel 1638 that extends from one
source/drain region 612 to another and travels below the core
gate structure 410. The U-shaped channel 1s relatively longer
than a conventional straight channel.

The memory cell 1600 1s relatively more scalable than
conventional memory devices because of the separated ONO
layer and the recessed channel, which mitigate short channel
elfects. Because the U-shaped channel 1638 also uses the
depth of the core trench in addition to a spatial distance
between source/drain regions, the effective channel length 1s
substantially longer for the memory cell 1600 than for a
similarly sized conventional memory cell. As a result, a
greater than 50% reduction 1n size can be achieved by the
memory cell 1600 without incurring degradation due to short
channel effects. Additionally, the core trench can be made
deeper to obtain a longer channel length. The separated ONO
layer also facilitates data retention as compared with continu-
ous ONO layers. The memory cell 1600 also has a relatively
faster program speed because the trajectory of the electrons
tavoring the injection, due to formation of the “bump” at the
recessed region between the 612 and 1636, due to consump-
tion of silicon 1n 1636 during oxidation. Further, the memory
cell 1600 provides relatively less complementary bit distur-
bance (CBD), relatively large contact alignment tolerance
(see FIG. 19, inira), relatively longer cycle endurance, lower
production cost, reliability, increase 1n operating temperature
range, reduced power consumption, and multibit capabaility (2
or more bits).

The memory cell 1600 can be programmed by applying a
program voltage across the gate and an acting drain region
(one of the bitlines 612) and connecting an acting source
region to ground. The acting drain region 1s typically biased to
a potential above the acting source. As a result, a high electric
field 1s applied across the charge trapping region 1636, which
permits programming via hot electron injection. As aresult of
the trapped electrons, the threshold voltage of the memory
cell 1s modified. A second bit can programmed to the cell by
reversing the acting source and drain. Additional bits can be
programmed by applying varied program voltages that cor-
respond to different “bit” values.

In order to erase the memory cell 1600, a relatively high
voltage 1s applied to an acting source and the polysilicon gate
410 1s held at a negative potential, while an acting drain 1s
allowed to float. As a result, a strong electric field develops
across the charge trapping region 1636 that causes electrons
trapped 1n the trapping region to return to the acting source.
As the electrons are removed from the charge trapping region
1636, the memory cell 1s erased. Hot hole mnjection can be
used to erase the cells.
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For a read operation, a certain voltage bias 1s applied across
an acting drain to an acting source of the cell transistor. The
acting drain of the cell 1s the bitline, which may be connected
to the drains of other cells 1n a byte or word group. A voltage
1s then applied to the gate 410 (e.g., the wordline) of the 5
memory cell 1600 1n order to cause a current to tlow from the
acting drain to the acting source. The read operation gate
voltage 1s typically applied at a level between a programmed
threshold voltage (V) and an unprogrammed threshold volt-
age. The resulting current 1s measured, by which a determi- 10
nation 1s made as to the data value stored 1n the cell. A second
bit can be read by reversing operations of the acting drain and
the acting source. Additionally bits can be read by applying
multiple/varied read voltages and/or measuring the current,
wherein the measured current corresponds to different bit 15
values.

FI1G. 17 1s a diagram 1illustrating a close up view of a core
memory cell 1700 with another configuration 1n accordance
with an aspect of the present invention. The memory cell can
be fabricated substantially by the method of FIG. 1 as 20
described above. The memory cell 1700 includes bitlines
(source/drain regions) 612 and a polysilicon gate 410 formed
in a semiconductor substrate 202. A separated ONO layer,
comprised of a lower oxide layer 1022, a mitride layer 1024,
and an upper oxide layer 1230, provides charge trapping 25
regions 1636 as indicated that extend to a depth below the
bitlines. However, 1n the configuration of FIG. 17, the nitride
layer 1024 1s only present within the gap regions 820. A
second polysilicon layer 1432, comprised of doped or
undoped polysilicon, 1s on the device. The memory cell 1600 30
1s Tabricated with a U-shaped channel 1638 that extends from
one source/drain region 612 to another and travels below the
core gate structure 410. The U-shaped channel 1s relatively
longer than a conventional straight channel.

The memory cell 1700 1s substantially similar to that of the 35
memory cell 1600 of FIG. 16. However, the different ONO
configuration provides laterally isolated nitrides as the
charge-trapping layer, which improves data retention by pre-
venting any charge migration laterally out of the desired area.

FIG. 18 1s a diagram 1llustrating a close up view of a core 40
memory cell 1800 with yet another configuration 1n accor-
dance with an aspect of the present invention. The memory
cell 1800 can also be substantially fabricated by the method of
FIG. 1, as described above. The memory cell 1800 includes
bitlines (source/drain regions) 612 and a polysilicon gate 410 45
formed 1n a semiconductor substrate 202. The polysilicon
gate 410 1s comprised of doped or undoped polysilicon. A
separated ONO layer, comprised of a lower oxide layer 1022,

a nitride layer 1024, and an upper oxide layer 1230, provides
charge trapping regions 1636 as indicated that extend to a 50
depth below the bitlines. Like the configuration of FIG. 17,
the nitride layer 1024 of the memory cell 1800 1s only present
within the gap regions 820. However, a nitride gap 1840 1s
present that separates the nitride layer 1024 1nto an upper and
lower portion. The nitride gap 1840 can be formed by depos- 55
iting only a lower portion of the nmitride layer 1024, subse-
quently depositing oxide or another insulative matenal, and
then depositing the remaining portion of the nitride layer
1024. A second polysilicon layer 1432 1s on the device. The
memory cell 1600 1s fabricated with a U-shaped channel 1638 60
that extends from one source/drain region 612 to another and
travels below the core gate structure 410. The U-shaped chan-
nel 1s relatively longer than a conventional straight channel
due to the presence of the polysilicon gate 410 1n the core
trench. 65

The memory cell 1800 1s substantially similar to that of the

memory cell 1700 of FIG. 17. However, the gap 1n the nitride

10

layer 1024 provides completely 1solated nitrides as the
charge-trapping layer, which improves data retention by pre-
venting any charge migration (both lateral and vertical ) out of
the desired area, but with added process steps.

Turming now to FIG. 19 1s a diagram illustrating a core
region of amemory device in accordance with an aspect of the
present invention. The memory device has substantially com-
pleted fabrication and has contacts 1942 formed that contact
bitlines 1612. A nitride layer 1910 1s present and fills core
trenches. The diagram 1s somewhat simplified so as illustrate
alignment tolerance between contacts 1942 and bitlines
(source/drain regions) 612. As can be seen, a relatively sub-
stantial mis-alignment can occur and still provide a suitable
contact to the bitlines 612.

It 1s appreciated that the methodologies of FIGS. 20-21,
described below, can be better appreciated with reference to
the above FIGS. 1-19. While, for purposes of simplicity of
explanation, the methodologies described below are depicted
and described as executing serially, 1t 1s to be understood and
appreciated that the present invention 1s not limited by the
illustrated order, as some aspects could, in accordance with
the present invention, occur 1in different orders and/or concur-
rently with other aspects from that depicted and described
herein. Moreover, not all illustrated features may be required
to implement a methodology in accordance with an aspect the
present invention.

FIG. 20 1s a flow diagram 1llustrating a method of forming,
and filling a gap region for a separated ONO U-shaped
memory device 1n accordance with an aspect of the present
invention. The method operates on a partially fabricated
U-shaped memory device before ONO layer formation to
form gap regions and then {ill the gap regions with an ONO
layer.

The method begins at block 2002 wherein a U-shaped
memory device 1s provided. The device has a polysilicon gate
formed within a trench between adjacent source/drain
regions. An oxide layer covers a surface of the device and
sides and bottom of the polysilicon gates. A wet etch process,
also referred to as a “dip back™, 1s performed at block 2004 for
a selected period of time to substantially remove the oxide
layer from the surface and to remove the oxide layer to a
selected depth on the sidewalls of the polysilicon gate created
a gap on the sidewalls. The time 1s selected to obtain the
desired, selected depth.

Subsequently, a lower oxide layer 1s grown for a selected
period of time that partially fills the gap with the lower oxide
layer and covers the surface of the device at block 2006.
Nitride 1s then deposited into the gap by a suitable directed
etch process such as chemical vapor deposition (CVD) or low
pressure chemical vapor deposition (LPCVD) at block 2008.
The nitride may also be deposited over the surface of the
device substantially covering the lower oxide deposited pre-
viously. An upper oxide layer 1s then formed on the device
thereby covering the deposited nitride in the gap at block
2010, thereby substantially yielding the structure provided 1n
FIG. 16. In alternate aspects of the invention, the nitride 1s
deposited 1n two separate steps with an oxidation process 1n
between to form the nitride gaps depicted in FIG. 18.

FIG. 21 15 a tlow diagram 1llustrating a method of forming
and filling a gap region for a separated ONO U-shaped
memory device 1n accordance with an aspect of the present
invention. The method employs a double “dip back™ opera-
tion on a partially fabricated U-shaped memory device before
ONO layer formation to form gap regions and then fills the
gap regions with an ONO, charge trapping layer.

The method begins at block 2102 wheremn a U-shaped
memory device 1s provided. The device has a polysilicon gate
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formed within a trench between adjacent source/drain
regions. An oxide layer covers a surface of the device and

sides and bottom of the polysilicon gates. A wet etch process,
also referred to as a “dip back™, 1s performed at block 2104 for
a selected period of time to substantially remove the oxide
layer from the surface and to remove the oxide layer to a first
selected depth on the sidewalls of the polysilicon gate created
a gap on the sidewalls. The time 1s selected to obtain the
desired, selected depth.

Subsequently, an oxide layer 1s grown for a selected period
of time that partially fills the gap with the lower oxide layer
and covers the surface of the device at block 2106. A second
wet etch process, also referred to as a second “dip back™ 1s
performed at block 2108 for a second period of time to sub-
stantially remove the oxide layer from the surface and to
remove the oxide layer to a second selected depth thereby
creating the gaps on the sidewalls of the polysilicon gates.
The second selected depth 1s typically lower than the first
selected depth. Another oxide layer 1s grown for a selected
period of time that partially fills the gap with the lower oxide
layer and covers the surface of the device at block 2110.
Nitride 1s then deposited into the gap by a suitable directed
etch process such as chemical vapor deposition (CVD) or low
pressure chemical vapor deposition (LPCVD) at block 2112.
The nitride may also be deposited over the surface of the
device substantially covering the lower oxide deposited pre-
viously. An upper oxide layer 1s then formed on the device
thereby covering the deposited nitride in the gap at block
2114, thereby substantially yielding the structure provided in
FIG. 16. As with the method of FIG. 20, the nitride can be
deposited 1n two separate steps with an oxidation process 1n
between to form the mitride gaps depicted 1in FIG. 18.

Although the invention has been shown and described with
respect to one or more implementations, equivalent alter-
ations and modifications will occur to others skilled 1n the art
based upon a reading and understanding of this specification
and the annexed drawings. The invention includes all such
modifications and alterations and 1s limited only by the scope
of the following claims. In particular regard to the various
tunctions performed by the above described components (as-
semblies, devices, circuits, etc.), the terms (including a refer-
ence to a “means”) used to describe such components are
intended to correspond, unless otherwise indicated, to any
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component which performs the specified function of the
described component (1.e., that 1s functionally equivalent),
even though not structurally equivalent to the disclosed struc-
ture which performs the function in the herein illustrated
exemplary implementations of the ivention. In addition,
while a particular feature of the mmvention may have been
disclosed with respect to only one of several implementa-
tions, such feature may be combined with one or more other
teatures of the other implementations as may be desired and
advantageous for any given or particular application. Further-
more, to the extent that the terms “includes™, “having™, “has”,
“with”, or variants thereol are used in either the detailed
description or the claims, such terms are intended to be inclu-
s1ve 1n a manner similar to the term “comprising.”

What 1s claimed 1s:

1. A U-shaped memory device comprising;

first and second bitline regions formed within a semicon-

ductor substrate;

a partially recessed gate formed within the semiconductor

substrate 1n between the first and second bitline regions;

a U-shaped channel region that extends below the gate

between the first and second bitline regions; and

a first and second charge trapping region located adjacent

to sidewalls of the polysilicon gate and the first and
second bitline regions wherein the first and second
charge trapping regions are electrically insulative and
configured to trap a first trapped charge and a separate
second trapped charge, respectively, to form a multibit
cell, wherein the first and second trapped charge corre-
sponds respectively to a first bit and a second bit locally
on opposing sides of the polysilicon gate.

2. The device of claim 1, wherein the first and second
charge trapping regions are comprised of a lower oxide,
nitride, and an upper oxide.

3. The device of claim 1, wherein an oxide-nitride-oxide
layer 1s formed over the first and second bitline regions.

4. The device of claim 1, further comprising a wordline
tormed over the first and second bitlines and on the gate.

5. The device of claim 1, wherein the first and second
charge trapping regions include a vertical segment of nitride.

6. The device of claim 5, wherein the vertical segment of
nitride includes a gap comprised of oxide.
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